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SOUND MEASUREMENTS AT VERY HIGH LEVELS 


• AS A RESULT of the iiierejisiiig 
list' of jet and rocket propuLsion, noise* 
levels of 150 db and higher are bec^oniing 
relalively common. Such levels are b(v 
yonel (lu* range of most sound-level 
meters. For the measurement of these* 
high levels, new microphones are now 
available, which e.xtend the range of the 
(leneral Radio Sound-I.evel Meter well 
beyond the nominal upper limit of 140 
db alMive the standard reference level. 

One of thes(f, the Massa Model M- 
14IB Standard Microphone, shown in 
Figure 1, can be used directly on the 
.sound-level meter, replacing the Ho- 
(!helle-salt type furnished as standard 
i*c)uipment. The other, the Altec 21-HR- 
180 ('ondenser Microphone, for use with 
the Typk 1551-PI Condenser Micn>- 
phone System, is shown in Figure 2. 

These high-level microphones are 
well suiU*d for measuring sound levels 
in engim* test cells anrl near high- 
I)owered airplanes, and for ineiusuring 
l h(* blast pressures of gun fire and ot her 
*‘xplosions. Furthermore, they have 
such giKMl fre<|uency-responst* character¬ 
istics that they are particularly useful 
for mciisuring noises chaniclerizi*d by 
strong high-freepiency components, as, 
b»r <‘.\ample, turbine-blade noise, jet- 
engine noi.se, and textile machinery noise. 


The small size of these microphones 
makes it possible to luring the micro¬ 
phone near to noisy parts of a machine, 
a procedure which is often invaluable 
in tracking down sources of noise. The 
small size also helps in exploring sound 
fields with a minimum of disturbance 
fn)m the microphone. In addition, the 
Massa microphone, l>ecause of its ex¬ 
ceptionally rigid construction, is par- 
ticailarly suitetl to dire(!t measurements 
of pressure variations in jiressure cham¬ 
bers by mounting the microphone to form 
part of the iduimber wall. 

BEHAVIOR OF REGULAR 
MICROPHONES AT HIGH LEVELS 

Before describing these newer micro¬ 
phones in detail, however, we shall re- 

Rgure 1. View of the Mosio Model M-141B Stondord 
Microphone with the General Radio Type 1551-A 
Sound*Level Meter. 
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view the high-prcssun^ limiUitions of 
the other microphones availal)le from 
the (leneral Radio ('ompaiiy. 

Rochelle-Salt Type 

A Rochelle-salt crystal microphone, 
Shure Model 98-98, is regularly supplied 
with the Type 1551-A Sounil-Level 
Meter. 'Phis sensitive microphone is 
(lesigiKHl to cover the usual levels en¬ 
countered in sound measurements, and 
its use? at high levels is limited by pos¬ 
sible damage to the crystal and by pos¬ 
sible non-linearity of the output voltage 
with resptTt to the input sound pressiu*e. 

Tests indicate that neither damage 
nor appreciable non-linearity occiu's at 
levels up to 154 db. This microphone 
can, th(‘refore, l>e us«i at somewhat 
higher levels than the nomial uppc‘r 
limit of the sound-level meter. Levels 
only a few decil)els al)ove 140 db can l)e 
measured if the calibration control of 
the instrument is set so that the gain is 
lower thiui normal. The; reading is then 
corrcctiHl by adding to it the number of 
decibels by which the gain was set low. 
This numlxT of decalxils can l>e measurcHl 
by using the line-calibration sysU^m pro¬ 
vided on the Type 1551-A. 

To facilitate the measurement of still 
higher levels, a new a<!cessory. the Type 
1551-lMI 20-<lb Pad, shown in Figure 3, 
i.s being made available. This pad is a 



Figure 2. View of the Type 
1551*A Sound'Level Meter 
with the Type 1551-PIH Con- 
dertser Microphone System, 
which uses the Altec 21'BR-180 
Microphone. 


resistance network cttnnwted between 
two phone plugs, which fit the “Filter 
In’* and “Filter Out” jacks of the 
Type 155l-A Sound-lxivel Meter. 

When they aie thus connected, a 20- 
db correction is to l>e added to the level 
reading of the instniment. The nominal 
level range is, then, consequently, 44 to 
IfiO db above the standard reference 
level of ().(K)02 microbar. 

Not only does this accessory extend 
the range of levels that can be measured 
by the Type 1551-A Sound-Level Meter, 
but it also helps to solve the microphonic 
problem, which is so serious when high 
levels are mcasiu*cd (sef? below, page 7). 
The 20-db pad also makes it easier to 
measure by means of an analyzer a com¬ 
paratively weak high-frequency s(jund 
in the presence of a high-level low-fre¬ 
quency sound. This feature results from 
an improvement in the signal-to-noise 
ratio when the pad is u.sed. 

Dynamic Type 

The dynamic microphone in the 
Type 759-P25 Dynamic Microphone 
Assembly is limited to a maxiimun 
sound-pressure level of abtnit 140 db at 
low frequencies. At higher levels the 
microphone may \ h * damaged. 

Condenser Type 

'the Altec Tyi>e 21-RR-151) Condenser 
.NFicrophone' used in the Type 1551-Pl 
Condenser Microphone System is, in 
contrast, not damaged by high sound 
levels. Its high-level limit is determined 
by the ix'rmissible distortion. At high 
sfimid levels, the motion of the dia¬ 
phragm is gr(‘at enough to result in 
non-linearity of the output voltage with 
rt'spetJt to the input sound pressure. The 

»The Altec Type 21-C Oxudmurr Microphoi»o w»* for¬ 
merly iMcd ID the Type I.V)I-PI Condeiwer Microphone 
SyHtein. 'I'liMt miemphone him now l>ecn replnoed by the 
newer Typk 21 nil- 150. which is nn improved version 
for meaeuremeni upplicatione. 
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distortion from this effect is generally 
less than 1 per cent at levels up to 135 
(Ih, increasing with level to about 10 
per cent at 155 db. When a level higher 
t han 140 db is to be measured using this 
microphone, the Type 1551-Pll 20-db 
Patl must be used to keep the signal 
within the range of the Type 1551-A 
Sound-Level Meter. 

MICROPHONES FOR HIGH LEVELS 
Altec Type 21-BR-180 Condenser Mi¬ 
crophone 

As mentioned in the introduction, an¬ 
other condeiuser microphone, the Altec 
Type 21-BR-180, is also available for 
use with the Type 1551-Pl System. Its 
sensitivity is about 15 dl) less thiui that 
of the Type 21-BH-150. Then the level 
of distortion discussexJ above is below 
1 per cent up to about 150 db and below 
10 per cent up to about 170 tlb. For some 
applications even more distortion would 
he |)ermissible for a measurement of a 
noise of high prc.ssure level. Above 150 
db with the Type 21-BR-180, the Type 
1551-Pll 20-db Pad is necessiiry. 

The 'rype 21-BR-180 Microphone is 
similar to the one regularly supplied 
with the Type 1551-Pl System. The 
diaphragm of the microphone is more 
rigid, however, so that the sensitivity is 
less. In addition, some acoustic dam|>- 
ing has been introduced to reduce the 
resonant rise in response that is more 
serious with a stiffer diaphragm. .\s a 
result of these changes, the response of 
this high-level microphone is even better 
than that of the Type 21-BR-150. 

A typical frequency response for this 
condenser microphone is shown in Fig- 



Rgure 3. As shown here, the Type 1551>P11 20-db Pod 
plogs Into jocks on the sound-level-meter panel. 


ure 4. 'riie response to 20 kc, is seen to b<^ 
very good, particularly for parallel in¬ 
cidence, that is, when the sound grazes 
the face of the microphone. In order to 
reduce the effects of unwanted disturb¬ 
ances in the sound field, it is often recom¬ 
mended that perpendicular incidence be 
used; and then the upper res|x>nse curve 
of Figure 5 applies. If it is desired to re¬ 
duce the peak in resjKnise that occurs, 
the *‘C”-weighting network of the Type 
1551-A Sound-Ix»vel Meter can be usofl, 
with a result for perpendicular incidence 
that is essent ially the same as the curve 
shown for parallel incidence. 

The Type 2I-BR-180 Microphone is 
not seriously affected by comparativ^dy 
high temperatures, but the preamplifier 
of the Type 1551-Pl System is limited 
by its vacuum tube to operation at tem¬ 
peratures l)elow about 100° C. (212° F.). 
ALsf), because of the high electrical im- 
pe<Iances involved, this microphone .sys¬ 
tem is not recommended for operation at 
high humidities, although no permainait 
damage re.sults from expo.sure to high 


Figure 4. Typical frequency 
response characteristic for the 
Altec 21-BR-180 Microphone. 
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hiiiitklity. High humkJity nui rmiKe 
enough electrical leakage m that the re- 
(luircnJ hiaa on the microphone cannot he 
obtained. Tlil.^ condition will he obvious 
ui uf)cration, since one will not lie able to 
wt the indicating meter on the |K)wcr 
supply of the Typk 1551-Pi System to 
the c<»iT<HU le\el. Sometimes the efTtrts 
of humidity can l)e minced to an ade- 
(pmle degr<*4* by heating the microphone 
well above the ambient temperature. 

Massa Model M-141B Standard Micro¬ 
phone 

'riie new Mass:i M<m 1('1 .\I-I4 IB Stand¬ 
ard Microphone, which is rated at 200 
db. go(*s well beyond any of these micro- 
|)hon(>s in the meaMirement of high 
levels. With the 'rvpK 1551-A Sound- 
Level Meter, it can Ik* used up to UK) db. 

Satisfactory op(;ration at these ex¬ 
tremely high levels is achieved by using 
a stack of ammonium-dihydrogen phos¬ 
phate (ADP) crystals as the pressure*- 
sensitive piezoelectrii* element. Thes<? 
crystals are mounted in a small, cylindri¬ 
cal, staiidess-steel housing, having the 
<lim*‘nsioii.s sliown in the drawing of 
I'igure 5. This straightforward, nigged 
const nn*l ion results in a microphone 
having veiy stable characteristics. 

'Fhe front mf*tal idate of the housing 
contact.'i the .VDP crj'stals through a 
thermal istdation plate. When a sound 
prt*ssur€» wave strikes this plate, a very 
small motion of the plate and a corre¬ 
sponding compression or expansion of the 
cr\Tilals results. Since the ciy’stals are 
piezoelp<*tric, the change in the dimen¬ 
sions of the crystals prorluces a voltage, 
without requiring any separate power 



supply. \ 20-foot cable attachtxl to the 
housing connects the microphone to the 
sound-level meter. 

Sensitivity 

The Massa Mtalel M-l-llB can Ik* 
purchased from the Massa LalKiratories* 
with the sensitivity adjusted to be ex¬ 
actly 50 db less than that of the regular 
microphone furnished with the Tyvk 
1551-A Sound-Ix?vel Meter. The sensi¬ 
tivity of the regular microphone varies 
from unit to unit, and the gain of each 
sound-level meter is set to t*orrespond 
to the sensitivity of the microphone 
supplied with it. 'Fherefore, if the cus¬ 
tomer wants the Massa microphone ad¬ 
justed, it is essential that he send, with 
his order to the Massa laboratories, the 
serial number of his sound-level meter 
and the seiLsitivity figure given in the 
microphone well, if available. When the 
sensitivity of the Massa Model M-14IB 
Microphone is set in this fashion, the 
measured sound-pressure level is simply 
5() db higher than the pressure level in¬ 
dicated on the sound-level meter. 

Range 

The nominal range of the instrument 
when using the Massa Model M-MIB 
Microphone is then 74 to 190 db. 'I'he 
upi)er limit is si*t by the sound-level 
meter, and it is still within the rating of 
the microphone. To illustrate how high 
this upper limit is, we can compare it to 
atmospheric pressure. For example, if 
there were a periodic sinusoidal varia¬ 
tion in pressure covering a peak-to-jieak 
range from 0.1 atmospheric pressure to 
1.9 atmospheres, the corresponding 

FotUer Road. Htnjeham. Mn» 


Figure 5. Dimemiont of the Massa Model M'141B 
Standard Microphone. The 20-foot coble is terml- 
noted in an Amphenol connector, which fits the 
sound-level meter. 
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.soiiinl-presisiire IovpI would be IIK) tlb. 
At, Kuch liiRh levels, of course, the varia¬ 
tion in i)re.ssure would normally be some- 
thinji dilTerent from a simple sine wave. 

As a const'quencc of the high-level 
use for which the microphone was de¬ 
signed, the minimum level at which it 
can be used is comparatively high. The 
basic limiting factor is the inherent noise 
level of the input circuit of the sound- 
level meter when the microphone, which 
has a capacitance with the attacheti 
cable of about4()()^pf, is connected across 
it. Thi.s noise level ov^er the audio range 
isoidy about 4 microvolts; but, because 
of the low microphone sensitivity, the 
corresponding sound-pressure level is 
about 73 db. This circuit noise is negli¬ 
gible for levels of 80 db and higher. 

Frequency Response 

The fret|uency response of one of these 
^ microphones at perpendicular sound in¬ 
cidence was measurecl at the Cleneral 
Radio CV>mj)any, mid the smoothed rc^ 
suit is shown in Figure (i as the curve 
labeled ‘*M-I41B alone.’’* 

The first resonance of this micro¬ 
phone is at 34 kc, well beyond the audio 
range, 'fhe resonant rise in response is 
large, bej’au.se it is impractical to dampen 
this rigid structure to any great extent. 
But some of this rise in response is a 
<lifl’raction cfYect of the s(jund striking 

*The relative levels showD beyund 15 kc should be re- 
((urde<l ua approximate, since they arc baxed on an 
extrapolated chamctcristic of a W E, Type 640* A A 
Nlicropbonc, which had been calibrated nt the National 
liureuu of Standards to 15 kc. 


the rigid cyliiuler. 'I’his elTect is l(*.ss im¬ 
portant (for parallel incidencej, where 
the response i.s essentially uniform 
(“flat”) at high fre(|uencies up to 20 kc 
as shown in Figure 7. 

If the advantages of using the micro¬ 
phone with fierpendiciilar incidence are 
desired, the weigh ting network of 

the Type I5»5I-A Soun<l-Level Meter can 
be used; and the resultant response, 
shown in Figure ti, i.s essentially uniform 
to about 30 kc. Such a uniform response 
is valuable for many measurements. It 
practically eliminates the need for cor¬ 
recting the data for the effects of varia¬ 
tions in freciuency response of the micro¬ 
phone. For those measuremenks where 
such correction i.s impossible, a response 
as uniform as that shown will yield as 
reliable data as possible. It can also 
simplify the application of automalii* 
recording systems for obtaining .sound- 
pressure levels as a function of frequency 
in the te.sting of loufl-speakers and other 
sound sources, 'riie uniform resp<mse to 
30 kc indicates that the transient 
ri'sponse to blast or shock waves in 
the audio range will be exceptionally 
goofl. 

The capacitance of the Massa micro- 
jihone and its associated cable is not, so 
large as that of the Shure Model 08-08 
Microphone regularly .supplied with the 
sound-level meter, and the low-fre¬ 
quency response of the combination is 
somewhat poorer as a result of this lower 
capacitance, as shown in Figure (». 


Figure 6. Frequency-reiporoe 
characteristics of the Mosso 
Model M*141B Standard 
Microphone and Type 1551*A 
Sound-Level Meter for per¬ 
pendicular sound incidence. 
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'Flio nmxinnim wife u|)emtirig lemper- ^ 
attire of the Miuswi M-141B Microphone ^ 
18 about 75** C. (167° F.), a limit set by ^ 
the cementa usefl in the construction of ^ 
the micniphone. I’he unit is sufficiently 
well sealeti so that exposure to normal jg 
humidity (uniditions will not affect the ^ 
operation, but it is recommended that uj 
proloiigcd ex|)osure to relative humidi- ^ 
ties in excess of 94 |H!r cent he avoided. > 

SPECIAL PRECAUTIONS ^ 

... 

Wlien microphones of low sensitivity, 
such as the Mas.*^ Mcidel M-141B and 
the Altec Tyix? 21-BR-180, ai*e used, the 
microphone should l)e mounted carefully 
to insure that a correct measurement is 
l»ein^^ made. In addition, when sounds of 
high level are l>eing measured, any asso- 
cialwl vacuum-tube apparatus should 
Ik? kept out of the high-level sound field, 
if po.ssible. 

Method of Supporting Microphone 

Mechanical vibration of a microphone 
will produce an output signal. It is neces- 
sar>\ then, to supixirt a microphone so 
that the signal from exusting vibrations 
is apprecial)ly less than the desired signal 
from airborne sound. For micmphones 
having high sensitivity to sound, this 
requirement is usually met even with 
fairly rigid mounting methods, but 
low-sensitivity mi<Tophone8 must be 
mounted careiully. Fhese requirements 
can often bo met by suspending the 
microphone by its cable, and the cable 
can 1 h' hckl in place by cords. 

One way of detect ing \dbration errors 
is to note the effects on the measured 
levels of different microphone mounting 
method.s. 

Ill general, very resilient supports 
should Ih* used, with a low natural peri- 
oil of vibration, say below 10 cps. Loop¬ 
ing the cable Ixifore the end .support 
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Ftguro 7. Frequency response chorocterrsHcs of fhe 
Mosso Model M-141B Stondord Microphone alone. 


may also improve conditions, since it is 
particularly important to keep axial 
\nbrations of the micniphone to a very 
low level. 

The small flange on the Massa Mode.l 
M-141B Microphone simplifies the 
moimting of the microphone in the solid 
wall of a chamljer. But here the isolation 
of the microphone from the solid-borne 
vibrations is particularly important, and 
an assembly such as that shown in 
Figure 0 is ni^ommendeil by the Maasa 
l^iboratories for such an a])plication. 

Microphonics 

A vacuum tube ex|K>sed to a high-level 
soiuid field will vibrate, producing an 
electrical output, calknl microphonics, 
that interferes with the desired signal. 


Rgure 8. Diagram of recommended installation of the 
Maiso Model M-I41B Stondord Microphone in the 
wall of o chamber. 


CHAMBER WALL 


SUITABLE CLAMP 
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Figure 9. (Left) Microphone 
suspended by cord to avoid 
the effect of mechanical vi¬ 
brations. (Right) View of the 
Massa M-MIB Microphone in 
its storage box, with 20-foot 
cable and connector. 



With the standard wide-range sound- 
level meter, the interference is usually 
unimportant imtil the soimd level is well 
above 100 db. Microphonic effects can 
be detected by disconnecting the micro¬ 
phone and by then observing the read¬ 
ing on the instruments when exposed to 
the sound to be meiisured. When this 
test is made, the input terminals of the 
preamplifier should l>e shielded to pre¬ 
vent stray electrical pickup. 

At high levels, the Type 1551-Pll 
20 -db l^ad can be used with the Type 
1551-A Sound-Level Meter to reduce 
the effect of microphonics. This pad 
shifts the ojjerating signal levels in the 
instrument so that the sensitive, early 
stages must operate with a higher signal, 
and the relative microphonic level is 
correspondingly lower. 

The best solution to the microphonic 
problem is to keep the instruments using 
vacuum tubes away from vibrating sur¬ 
faces and intense sound fields. But, of 


course, the microphone must be in the 
field to be measured, so tliat a cable 
must connect the microphone and the 
measuring instruments. The Miissa 
Model M-141B Microphone includes a 
cable of about 20 feet, but a longer cable 
may be essential for adequately separat¬ 
ing the microphone and the sound-level 
meter. Then a Type 759-P30 Elx tension 
Cable could be used, and 7 db should be 
added to the indicated level because of 
the cable capacitance. 

When microphonics are troublesome, 
the most sensitive microphone that will 
handle the required level will usually 
give the most favorable signal contli- 
tions. But many other factors, for ex¬ 
ample, frequency response, size, tem¬ 
perature effects, are usually of so great 
importance that the very sensitive mi¬ 
crophones cannot be used. The instru¬ 
ments should then be acoustically 
isolated from the sound field. 

— Arnold Peterson 


Noth: W«^ are iiuk*btt»d to the Massa Laboratorioa, bio., the Altec-Laiising Corporal ion. and Shiire 
Brothers, Ine., for furiiLshuig much of the information on which thi.s jirticle is biiaed. 

For complete descriptions of th<* instruments mentione<i in the foregoing article, sih' tin* issues 
of the Experimenter listed below: 

Type 1551-A Sound-Level Meter. .March, 1952 

Type 1551-PI Condenser Microphone System...May, 1963 

Condenser Microphone System. 

The Type 1551-Pl Con<len.ser Microphone System cun be supplied with either the Altec 21-BR- 
151) microphone for normal level.H or the 21-Bff.-lS0 for high levels. Prici»s are as follows: 

Type Cotie Word Price 

1551-PU With 21-BR-l50 Microphone .I NONAl. I $260.00 

1551-P1H , With 21.BR-180 Microphone. I N.\TAL | 275.00 
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Typ« 


1551.P11 20-<lb Pod: 


Type _ 

1SS1-P1I I 20-<lbPad.| 


Price 

LABEL I $15.00 


Motto Model M>141B Stondord Microphone. 

Thf? MiiSiui M-141Ii Microphone should be ordered directly fnun the Mussh LHlmrutoric's, 
5 Totller Road, llinxhum, Maas. When ordering, please^ state the 8i*rial number of your Type 
166I-A Sound-lx^vel Meter and the sensitivity figure marked in the microphone well. 


10th NATIONAL ELECTRONICS CONFERENCE 
Hotel Sherman, Chicago — October 4, 5 and 6, 1954 


The General Radio Company, in 
Booths 87 and 88, will exhibit a repre¬ 
sentative group of instruments, includ¬ 
ing new items re<!ently described in the 
EjiHTivuniter, Among these are the 
Unit Pulser, the Unit 1-F Amplifier and 
U-U-F Detector, the Automatic Line- 


Voltage Regulator, and the Transistor 
Oscillator. In addition, a completely 
new line of potentiometers will l>e shown 
for the first lime. 

General Radio engineers will be on 
hand to discuss your measurement prob- 
lem.s with you. 


G^tfral Radio defiveriot are excellenl. Practically everything on display at the Canference or listed in oar catalogs 
can be delivered immediately from stock. 


General Radio E\PICRIMK\TER is maiU*d without charge each 
* month to engineers., scientists., tf*chnicians, anel others interestefl 
in electronic techniques in measurement. When sending recfnests for 
suh.scriptions attti adtlress^-change notices^ please supply the following 
information: nattie^ ctsmfMny address^ *^f husine.ss conifHtny is eri- 

gaged in* and title or §Hfsition of indivitlual. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE! TRowbridse 6-4400 


BRANCH ENGINEERING OFFICES 


NEW YORK i. NEW YORK 
10 WEST STREET 
TEL.-WOflh 4-2722 


LOS ANGELES II. CALIFORNIA 
1000 NORTH SEWARO STREET 
TEL.-HOIlfwiod S-6201 


CHICAGO S. ILLINOIS 
120 SOUTH MICHIGAN AVENUE 
TEL. WAIatb 2 3120 


SILVER SPRING. MARYIAMO 
loss 1310 STREET 
TEL -iUilptr S HII 


REPAIR SERVICES 


WEST COAST 


CANADA 


WESTERN INSTRUMENT CO. 

128 NORTH VICTORY BOULEVARO 
BURBANK. CALIFORNIA 
TEL.-VUlirii S-3013 


BAYLY ENGINEERING. LTO. 
FIRST STREET 
AJAX. ONTARIO 
TEL. —Tirtili EMpirt l-llll 
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